Cereal Chem. 85(2):202-2(g) An unproved means of isolating /. ein is needed to dexelop new uses for corn zein. We have measured the yield of zein and evaluated the ability of acetic acid to remove zein from corn gluten meal, distillers dried grains, and ground corn using acetic acid as solvent. Acetic acid removed 1cm more quickly, at lower temperatures, and in higher yields when compared with alcoholic solvents. After 60 min at 25°C. 50Y( of the zein in corn gluten meal was removed. A step change in yield from 43 to 50 17( occurs as the extraction temperature is increased from 40 to 55°C after mixing or 30 rnin at 25°% solids. The protein composition of the zein removed
Zetn is the predominant corn protein and is potentially a major coproduct of the hioethanol industry. It is located in the protein bodies of the endosperm of the corn kernel (Lawton 2002) . There are four main classes of zein: a, P. y, and d. The 13, y, and 6 zeins are found mainly in the wall of the protein body, while the a zein is located inside the protein body (Lawton 2002) . The a zein is that which is most readily extracted and then used commercially. Historically, zein was primarily used in the textile fibers market as a wool alternative where it was derivatized with formaldehyde to have acceptable properties (Shukla and Cheryan 2001: Lawton 2002) . Currently, zein is predominantly used to coat tablets or food (Shukla 1992) . Efforts are being developed to provide improved routes to provide cost-effective industrial quantities of zein (Shukia et al 2000 : Cheryan 2001 . 2006a ,b: Parris and Dickey 2001 : Lawton 2006 Xu et at 2007) . Developing technologies that will provide a low-cost route to isolate zein and allow zein to enter new markets will improve the economics of the bioethanol industry and allow precious nonrenewable feed stocks to be used in other markets.
The extraction of zein from corn gluten meal (corn meal of whole corn) has been extensively investigated and reviewed (Lawton 2002) . The first patent granted for the generation of zein was granted in 1891 (Osborne 1891) . The more recent methods for isolating zein involve extraction with either isopropanol (IPA) or ethanol (EtOH) (Carter 1970; Shukla et al 2000 : Cheryan 2001 . 2006a Lawton 2006) . While these techniques may be commercially viable, if downstream electrophilic chemistry is desired, as demonstrated recently for zein derivatizatjon (Wu et al 2003a,b; Biswas et al 2005a .b, 2006 : Sessa et al 2007 , costly zein isolation will be required. There are many good solvents for zein (Lawton 2002) , however many of them have properties that make them less than ideal for zein isolation. Many of the solvents described have nucleophilic functionality that may react with the desired electrophile being added downstream. This would include *The e-Xtra logo stands for "electronic extra' and indicates that the online version Contains a color version of Fig. 3 
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from corn gluten meal using acetic acid is very similar to that of commer cial zein by SDS-PAGE. The zein obtained from corn gluten meal using acetic acid had higher amounts of fatty acids and esters according to 1k analysts. leading to slightly lower protein content. Films made from zein extracted horn corn gluten meal using acetic acid had lower tensile strength (60Y lower) than films produced from commercial 1cm. Fibers with very small diameter (0.4-1.6 001) can be produced by electrospinning using the AcOH solution obtained after corn gluten meal extraction.
extracting solvents such as ethanol or ethylene diamitte. Other extracting solvents that may not be very reactive may have boiling points that are too high, making isolation of the final product costly. Solvents with this attribute would include N.N-dimethylformamide or N-methylpyrrolidone. Acetic acid (AcOH) is a good solvent for zein (Sessa et al 2003 : Sellin g el al 2007 . has a relatively low boiling point (118°C) and is less nucleophilic than many of the solvents listed, making it a worthwhile candidate for determining its ability to remove zein from CGM. Its use in combination with a sodium metabisulfite soak was has successfully been used to remove protein from kafirin (Taylor et at 2005a) . When acetic acid was used alone, the y ield of kaifirin was 35%; with the addition of sodium metabisijlf'tte, it increased to 84%. While the use of acetic acid to provide kafirin films was studied (Taylor et at 2005b) , the kaifirin was generated using an ethanol and water based solvent system. There were no significant differences observed in tensile properties when kafirin films were cast from different solvents (Taylor et at 2005b) . The impact on film properties on changing the extraction solvent from an ethanolic system to acetic acid was not determined; properties of the resulting protein such as film quality also were not determined. We report here our work using acetic acid to extract zein from corn-gluten meal (CGM), distillers dried grains (DDG), or ground corn (GC) and either utilize the resulting AcOH zein solution as produced or isolate the zein for subsequent testing.
MATERIALS AND METHODS
Commercial zein was obtained from Freeman Industries (Tuckahoe, NY), Lot #40004081 (14.1% nitrogen. 5.0% moisture, 0.57% ash). CGM was obtained from Aventine Renewable Energy (Pekin IL). The % protein of the CGM was determined by multiplying the % nitrogen by 6.25. giving 71.7% after correcting for moisture. DDG was obtained from Big River Resources (West Burlington, IA) and had 4.01% nitrogen which gives a protein content of 27.6%. Ground corn was obtained from Bunge Milling (Danville. IL) and had % nitrogen of 1.25, which gives a protein content of 8.7%. Other solvents and reagents were obtained from Sigma-Aldrich (St. Louis, MO). NuPAGE Novex 4-12% Bis-Tris gels, lithium dodecyl sulfate (LDS) sample buffer and protein molecular weight standards were obtained from Invitrogen (Carlsbad. CA). Infrared (IR) spectra were obtained on a Thermo Nicolet Avatar 370 FTIR where the samples were tested in KBr pellets. Scanning electron microscopy (SEM) was performed after sputter-coating the fibers with Au-Pd and then examined using an electron microscope (6400V, JEOL USA, Peabody, MA).
The electrospinning power supply was a Gamma model ES50P-lOW (Gamma High Voltage Research, Ormond Beach. FL). The syringe pump was a KDS 100 Series (KD Scientific, Holliston. MA) using 5-nil-syringes with 1-in, long flat-tipped 17-gauge needles. A quick connector (DRI8-250-C. Panduit. Tinley Park, IL) was used to connect the hot wire from the power supply to the needle. The target was a 12-in, square sheet of 1/8-in, thick copper covered in aluminum foil and held upright in a nonconductive material.
Extraction of Zein from CGM, DDG, or Ground Corn
To 25 g of CGM, or other corn product, was added 75 g of the desired solvent. This mixture was then stirred at the desired temperature and time. The mixture was then poured into centrifuge tubes and spun at 3.000 rpm for 20 rnin using a centrifuge (Beckman GS-6R, Fullerton, CA). A portion of this supernatant was then removed and allowed to dry overnight at room temperature, followed by additional drying at 105°C for 2 hr to provide the c/ solids, thus the c/ zein present in the supernatant. Percent nitrogen data and IR spectra were obtained from the dried zein sample. Extractions were run three times with as erage and standard deviations of yields reported.
Preparation of Zein Films and Fibers
Zein films from commercial zein were prepared in it zein protein solution in AcOH and stirred for 30 min at room temperature. The solution was then cast using a 0.05-in, film knife. For zein produced using AcOH extraction. the AcOH supernatant was used to cast a film using a 0.05-in, knife. The films were allowed to dry for three days before cutting samples for tensile property testing.
For the production of electrospun fibers, the method previously described was used (Selling et al 2007) . The % protein solids of the AcOH-zein solution was increased to 29 C/c (w/w) protein solids by using a rotavapor (Buchi V-800, New Castle, DE). For the commercial zein. a 29% (w/w) protein solids solution was prepared by dissolving 10 g of commercial zein in 20.4 g of AcOH.
The desired amount of zein solution was pumped at 12 mL/hr using a syringe pump. A needle with a quick disconnect terminal attached to it was threaded onto the syringe. The hot wire from the power supply was attached to the quick disconnect terminal. The copper target was covered with a sheet of aluminum foil and an alligator clip was attached to the target so that both the foil and the copper were in contact, and then the ground wire was attached to the ground on the power supply. The distance from the target to the needle tip was 10 cm and the power supply was set to 25 kV.
Tensile Property Testing
Samples were cut from films using a die that would produce bars with dimensions in accordance with ASTM D-638-V Standard. Five bars from each film were then held at 50 1/c rh (23°C) for three days. Bar thickness was measured with a micrometer (model 49-63. Testing Machines, Amityville. NY) at three places within the testing region and averaged. Testing was done using a universal testing machine (model 4021, Instron, Canton. MA) to determine the tensile strength (TS). Young's modulus (YM), and percent elongation at break (%E). The UTM crosshead speed was 10 rnm/min with a gauge length of 7.62 mm.
Gel Electrophoresis
Denaturing gel electrophoresis was conducted using zein obtained from the dried supernatant collected after the extractions. Samples for gel electrophoresis were dried without added heat. Zein was dissolved in DMF and then diluted to an appropriate concentration with water and loading buffer. DTT was added and the samples were boiled for 5 mm. Samples were loaded onto a NuPAGE Novex 4-12% Bis-Tris gel and run at lOOV for 40 mm. Gels were stained with Coomassie Blue or silver.
RESULTS AND DISCUSSION

Zein Extraction
CGM from wet-milling hioethanol processes (10.5% N. 71.7% protein) and DDG from dry-milling hioethanol processes (4.0117c N. 27.6% protein) had higher protein content than GC (1.25% N. 8.7% protein). The amount of crude protein in CGM is more than double that found in DDG and nearly eight times more than that found in GC. Given this, most of the research presented here used CGM as the raw material to better define how processing variables affect the extractability of zein.
To determine the effect of time on the extraction of protein from CGM using AcOH. CGM was added to AcOH at room temperature and allowed to mix for various times. While it is understood that other materials may be removed from the CGM by AcOH, the dominant material and protein is zein and, henceforth, the extracted material from CGM will be called zein. After the desired time interval, the mixture was centrifuged for 20 minand the supernatant was then analyzed for % solids to determine the amount of zein removed from the CGM. As seen in Fig. I . AcOH quickly removes zein from CGM. For <45 minutes, the amount of zein extracted versus time quickly increased. After 45 mm, the rate of zein extraction plateaus. with the ultimate amount of zein being removed approaching 52 11c after 120 min,
To compare the ability of AcOH to remove zein from CGM relative to 80% EtOH-water, 60% IPA-water. or 90% AcOHwater, extractions were performed at room temperature for 30 mm at 25% solids (Table I ). In 25 g of CGM at 71.7% protein, there is a total of 17.9 g of zein available. It is understood that there are other proteins present in CGM that may or may not he extractable using these solvents, but for the purposes of this study, it is assumed that the only material removed is zein. Data will be presented that supports this assumption. After extracting the CGM with the appropriate solvent, the amount of zein present in the supernatant and thus the amount extracted from the CGM can be determined. Given a % N value of 84% for the isolated zein, the amount of zein protein extracted can be determined by multiplying the amount of material in the supernatant by 0.84, giving the grams of zein removed from the CGM. By dividing this mass by 17.9 (g of zein present in CGM) and multiplying by 100. the % yield of zein extracted from CGM can be determined. The yield of zein is higher than that obtained from the most recent zein extraction technique using 100% ethanol where 8 g of zemn was removed from 37.5 g of CGM (33% yield) (Lawton 2006 also competitive with those techniques usnig a single alcoholwater extraction step where yields were 30-50%. Thus. AcOH is more effective than the aqueous alcoholic solvents at removing zein from CGM. AcOFl was also used to extract zein from DDG and GC. In these cases, the amount of protein recovered was much lower than that obtained front and the quality, as measured by c/ protein, is lower (Table II) Temperature (C) Fig. 2 . Effect of temperature oil of zein lrom ('GM usiilg AcOH after mixing for 30 inin at 25 1/f CGM solids.
200.0 rial extracted front DDG. the Yr protein of' the sample is lOs\ which then drives the c7( yield downward. While the Yr yield from DDG is lower than that from CGM, even unoptimized, it is competitive with other techniques (Xu et al 2007) that have been used to remove zein from DDG. The % protein is low in the DDG sample because of the large amount of oil removed from the DDG as determined by IR spectra (data not shown). The oil was also visually observed as the isolated sample from DDG was a grainy oily mixture.
Temperature affects the ability of solvents to extract zein from CGM (Lawton 2006) . To determine the impact of temperature on zein extractability, the solvent temperature was increased from 25 to 70°C at 25 1/'c solids and an extraction time of 30 mm. As the temperature is increased, the amount of zein extracted increases (Fig. 2) . There is little difference in zein yield at 25-40°C and 55-70°C. however there is a difference at 40-55°C. Previously performed solution rheology studies showed that significant structural differences take place at >45°C (Selling et al 2005) . In addition, with increasing temperature, both the secondary structure (Cabra et al 2006 : Selling et al 2007a and tertiary structure (Selling et al 2007a) change. Therefore, the step increase in zein extracted from the samples may be due to changes in the structure of zein that alter its rate of diffusion across the wall of the protein body.
Zein Composition
Commercial zein can be readily obtained with Yr protein values >90% As mentioned earlier, the C/( protein of the zein obtained using AcOH as the extracting solvent is 84%. To determine whether there is a difference in the protein composition of the zein obtained from CGM rising AcOH extraction. SDS-PAGE was performed using both Cooniassic Blue and silver staining (Fig. 3) . The protein composition of the zein obtained from CGM using AcOH is very similar to commercially produced zein, as well as that obtained from using 80% EtOl-l-water. 60% IPA-water. or 60% acetone-water as the extracting solvents. Also, the composition of the protein does not change significantly as the extraction time is increased from 30 to 120 mm, suggesting that the composition of the zein bein g removed does not change with time. The AcOH sample appears to have less LMW protein (in the 6-8000 kDa region) relative to commercial zein. In addition, the AcOH sample appears to have less HMW material (>66.000). It may have less d-zein (zein with a molecular weight <10.000 AMU) as determined by the bands in lower regions of the gel. The -zein fraction of zein has multiple c y steines (Kirihara et al 1988) . Higher molecular weight zein fractions that have multiple cysteines have been implicated in zein solution viscosity instability (Selling et al 2005) . With this reduction in the HMW fraction of -zein present in the zein obtained from CGM using AcOH extraction, the resulting zein may provide solLitions with improved solution stability.
To understand why the C/ protein of the AcOH extracted material is lower than commercially obtained zein. an IR spectrum was was obtained of various zein samples (Fig. 4) . On close examination of the carbonyl region of the spectra, the zein obtained from CGM using AcOH solvent has a shoulder at higher wave number which indicates the presence of fatty acids and oils. This is not surpris-1700 1600 1500 1400 CM Fig. 4 . IR spectra of commercial zein and zeiii from CGM using AcOH or 80/c EtOl-1-water as solvent. Spectra normalized at 1650 cm'. dig as fatty acids and esters would be more soluble in AcOH than 80% EtOH-water.
Zein Utility
Given the higher boiling point that acetic acid has relative to the typical alcoholic solvents used to remove zein (ethanol or isopropanol), this method may be more costly compared with these other procedures if it is used to generate unaltered zein. The value in the technique can be found iii delivering the zein in a solvent that is better suited for subsequent reaction with various electrophiles. followed by formation of the desired article.
To determine whether the zein produced by AcOH extraction of CGM can provide a product with useful properties. films were prepared from AcOH solutions of commercial zein and zein obtained from CGM using AcOH as the extracting solvent. The TS. %E, and YM of films of commercial zein are 43 MPa. 13%. and 777 MPa, respectively, when tested at 50% rh. Zein isolated using AcOH provided films with TS. %E. and YM of 18 MPa. II (3, and 293 MPa. respectively, at 50Y rh. While the TS of the zein isolated using AcOH is much lower than that obtained from comniercial zein, it is comparable to that of low density polyethylene. which has a tensile strength of z-10-17 MPa (Marasehin 2003). The low TS and similar %E of the AcOH-derived zein yields a material with lower YM. Like commercial zein, zein isolated using AcOH would require denvatization for use in new markets.
Recently AeOH was shown to be a preferred solvent for spinniiig Lein Lising the electrospinning technique (Selling et al 2007b) . To determine whether the AcOH solLitinil that is obtained after CGM extraction could be used to produce fibers, the resulting AcOH solution from extracting CGM had its solids increased to 29% by evaporation and then it was immediately electrospun. The Y solids were increased from 25 to 29% because spinning performance was improved at the higher solids. The spinning performance of the AcOH-extracted zein solution was equivalent to freshly prepared AcOH solutions made using commercial zein. The fiber morphologies of the two zein samples were equivalent where both sources of zein provided round birefringent fibers with diameters of O.4-1.6 pm (Fig. 5) .
CONCLUSIONS
We have demonstrated that AcOH is an effective solvent for extracting xciii from CGM. AcOH removes zein more quickly, at lower temperatures. and higher yields when compared with alcoholic solvents at the same conditions. At room temperature. >50% of the available zein is removed from CGM after 60 min in one pass. Yields can be improved at >55C. AcOH can remove protein from both GC and DDG, although the material removed from DDG has a high amount of oil in it. The purity of the zein removed from CGM is somewhat lower than commercial zein with . SEM pictures (5.000x) of electrospun zein from AeOH solutions using the same spinning conditions using either commercial 1cm (A) or zein extracted from CGM using AcOH (B).
the main impurity being long chain fatty acids and esters. The proteinaceous components of the zein removed from CGM using AcOH as solvent is very similar to that of commercial zein. Films made using zein isolated from COM using AcOH have lower TS and modulus when compared with films of commercial zein. Electrospun fiber can he produced from the AcOH zein solution recovered from CGM and is of equivalent quality to that made from commercial zein using the same spinning conditions.
